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(57) A wearable, self-contained drug infusion device 
is disclosed that is capable of achieving the precise flow 
rate control needed for dose-critical drugs such as insu- 
lin. In preferred embodiments of the device, piezoelec- 
trically-actuated valve or pump structures are used in 
combination with thermal flow sensors and closed-loop 
control circuits for providing the desired flow rate control. 
The miniaturization that is possible with each of these 
technologies allows the drug infusion device to have 
very small dimensions so that it can be worn by the user 
with a minimum of discomfort and inconvenience, while 
at the same time allowing for the close control over flow 
rate that is required for safe and effective delivery of in- 
sulin and other drugs. Preferred embodiments of the de- 
vice have a two-part construction in which the more ex- 
pensive electronic components are housed in a reusa- 
ble portion and the fluid delivery components are 
housed in a separable disposable portion. This Is ad- 
vantageous not only in reducing the effective cost of the 
device to the user, but also in assuring sterility of the 
drug and preventing fluid communication of the reusable 
portion by confining the fluid flow path to the disposable 
portion. Also, because control over the flow rate of the 
drug is carried out electronically, variable and/or pro- 
grammable control over the flow rate is possible. This 
renders the device particularly suitable for those drugs, 
such as insulin, that require different delivery rates at 
different times for different patients. Preferred embodi- 
ments of the invention may also utilize a wireless unit 
for controlling the operation of the drug infusion device. 



The wireless unit may communicate with the reusable 
portion of the drug infusion device using radio frequency 
(RF) methods, optical infrared (IR) methods, or other 
methods. 



FIG. 2 
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Description 

Field of the Invention: 



[0001 J The present invention relates generally to fluid delivery devices and i* ,< a ^ 
self-contained drug inrusion device that can be used to 

insulin, to a patient. ^ ° f medtcat ^ including but not limited to 



Background of the Invention: 



[0002] Diabetes is a chronic disease that is caused by both hereditary and p™.™ 
bythebody'sinabilitytocontrolglucoselevels Left untreated it cL!^ 

and results in organ failures amputations neuronic S^'^f^^^^^^^" 1 ^ and nervous systems 
that the cost of L complicaSS '^S^^:^^^ T *™ 
" and Complications Trial (DCCT) was a ten-year study of 140? 52^ t °! &P * Th& ° iabetes Contro ' 
9 '--'*ve.,Thestudyfoun^^ 

neuropathy and cardiovascular risk. reductions in retinopathy, nephropathy, 

[0003] There are roughly 1 7.5 million people with diabetes in the United Stat « *nH p, 

more worldwide. Roughly 35% of these oeonlP in«,.N„ rJ , States and Euro P e - an d about 60 million 

~ the <JLCm ^^T.^S^Z^!? ( ,1,P r °' ' heraW Fr ° m 3 usa ' 

the rest of their lives. This is because inLinn „L~ T* T PUmps prafer 10 ,emai " wlth P"mps 'or 

vamagesoroontinuoosJ^ 

glucose control and an improved feeling P"** 3 "™"'* delivery schedules. This results in closer 

schedule. There are several existing Tor antoated mj a „" P „, P ? ,S '"f P " mPS ,0 mimi0 thls **** 

= •' ^ - 

of the insulin pen. y pd " ems are w,l[ln 9 to pay a premium for the convenience 

hours. This type ef insulin cTbXZV^Tjl l? H ' C "" en ' '°" g - aa "' 9 inSU " ns peak in ■ 
alternative of simply taking allofon^Z^ 

unsound. Insulin resistance ia theorized to build as eTeau of h oh cot. It , T"* '° ^erapeutioally 
as a result ever increasing amounts of insulin «?n^„T£nZ?T?T^ T"" ' he b "»**«"n. a™* 
plus bolus profile s.1,1 resu»s In the same ^ i^Tnd^deS "r~o, tSS^T- ^'T^ *• basal 
acting Insulin does provide good therapy for Lse oJZt^hLTZ^Z ' * PICa " y '° Ur per day ' Lor, 9' 

this is a temporary condition and aimp^ de al ! mnTn , "° m su PP' en ™tel "asal Insulin, but 

[0009, AsLirTnterestinlr S^^IS^T"**"'*' 11 "^ 
their high coat (roughfy 6 to 10 times the S££Z£Z K^SEfnT^ T"'' " addi,i °" ,0 
relatively old technology andareoumbersomeio use AsTZ^rf ? L e " m8 ' ,nsulln pum ? s re P rese "' 
sen that links the pumpwlth the dete~„ Z!^^T^^^^^ nu ^ mMu ^> 
heavy, making carrying the pump a bother " ^ ,nconven ' a ™ a "<" *• P™ps are relatively 

lZu«" 

a resuft, i, wil™be difficult to ^X^^^SZS, m ° M * « Uan, »* * 

useful as a supplement for bolus'delivery a, mealtae The 11"Z LTZ ' " ™ V pr ° Ua V «* 
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[0011] In summary patients on oral agents eventually move to insulin, and existing pump therapy Is very expensive. 
Interest in better therapy is on the rise, accounting for the observed growth in pump therapy and increased number of 
dairy injections What is needed to fully meet this increased interest is a form of insulin delivery that combines the best 
features of daily injection therapy (low cost and ease of use) with those of the insulin pump (continuous infusion, 
5 precision dosing and programmable delivery schedules), and that avoids the disadvantages of each. This will allow a 
greater number of patients to have access to improved insulin therapy at lower cost. 

[00121 Several attempts have been made to provide ambulatory or "wearable" drug infusion devices that arc low in 
cost and convenient to use. Some of these devices are intended to be partially or entirely disposable. In theory, devices 
of this type can provide many of the advantages of an infusion pump without the attendant cost and inconvenience. 
to unfortunately however, many of these devices cannot provide precise control over the flow rate of the drug at a low 
delivery cost and are thus not compatible with dose-critical drugs such as insulin. In addition, devices that operate 
with fixed insulin flow rates may meet cost targets but still require bolus injections at mealtimes. Ultimately, therefore, 
these existing devices do not represent an optimal alternative to infusion pumps. 

is Summary of the Invention: 

[0013] In accordance with the present invention, the disadvantages and limitations of the prior art are substantially 
avoided by providing a wearable, self-contained drug infusion device that is capable of achieving the precise flow rate 
control needed for dose-critical drugs such as insulin. In preferred embodiments of the invention, piezoelectrically- 

20 actuated valve or pump structures are used in combination with thermal flow sensors and closed-loop control circuits 
for providing the desired flow rate control. The miniaturization that is possible with each of these technologies allows 
the drug infusion device to have very small dimensions so that it can be worn by the user with a minimum of discomfort 
and inconvenience, while at the same time allowing for the close control over flow rate that is required for safe and 
effective delivery of insulin and other drugs. Preferred embodiments of the device have a two-part construction in which 

25 the more expensive electronic components are housed in a reusable portion and the fluid delivery components are 
housed in a separable disposable portion. This is advantageous not only in reducing the effective cost of the device 
to the user but also in assuring sterility of the drug and preventing fluid contamination of the reusable portion by 
confining the fluid flow path to the disposable portion. Also, because control over the flow rate of the drug is carried 
out electronically variable and/or programmable control over the flow rate is possible. This renders the device partic- 

30 ulariy suitable for'those drugs (such as insulin) that require different delivery rates at different times for different patients. 
[00141 In accordance with the first embodiment of the present invention, a wearable, self-contained device for de- 
livering a liquid medication by continuous infusion into a patient comprises a disposable portion and a reusable portion 
that is removably connected to the disposable portion. The disposable portion comprises a housing, a reservoir in the 
housing for containing a supply of the liquid medication and for delivering the liquid medication under pressure, and a 

35 delivery cannula carried by the housing. A flow channel conducts the liquid medication from the reservoir to the delivery 
cannula The reusable portion comprises a closed loop control circuit for maintaining a predetermined flow of liquid 
medication through the flow channel of the disposable portion. The infusion device also includes a flow control valve 
in at least one of the disposable and reusable portions for controlling the flow of liquid medication through the flow 
channel from the reservoir to the delivery cannula; an actuator in at least one of the disposable and reusable portions 

40 for actuating the flow control valve, the actuator being electrically connectable to the closed loop control circuit of the 
reusable portion- and a flow sensor in at least one of the disposable and reusable portions for sensing the flow of liquid 
medication through the flow channel of the disposable portion, the flow sensor being electrically connectable to the 
closed loop control circuit of the reusable portion. 

[001 5] In a particularly preferred implementation of the first embodiment of the invention, the reservoir compnses at 
45 least one Belleville spring element for pressurizing the liquid medication contained in the reservoir. In this embodiment, 
the flow control valve may comprise a fixed obstruction in the flow channel and a flexible membrane that Is held in 
contact with the obstruction by the actuator, with such contact preventing liquid flow through the flow channel except 
when the actuator is energized by the control circuit. The actuator preferably comprises a piezoelectric element which, 
when energized by the control circuit, flexes to allow the membrane to separate from the obstruction so that the liquid 
so medication can flow through the flow channel. The piezoelectric element is preferably energized in a pulsatile manner 
by the control circuit, so that the flow control valve is repeatedly opened and closed with a duty cycle that maintains a 
predetermined average flow rate of the liquid medication through the flow channel. The flow sensor preferably com- 
prises a thermal emitter and a thermal detector, both of which are in thermal contact with the liquid medication flowing 
in the flow channel, with the thermal emitter being located upstream of the thermal detector relative to the direction of 
55 liquid flow in the flow channel. Preferably, at least one wall of the flow channel comprises a flexible membrane which 
forms an exposed face of the disposable portion that Is brought into contact with the reusable portion when the dis- 
posable and reusable portions arc connected together. In this embodiment, the actuator and flow sensor may be con- 
tained in the reusable portion and may operate through the flexible membrane of the disposable portion, so that the 
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flow channel can remain sealed when the reusable portion is disconnected from the disposable portion. 
[0016] In accordance with a second embodiment of the present invention, a wearable, self-contained device for 
delivering a liquid medication by continuous Infusion into the skin of a patient Is provided that is similar in overall 
construction to the embodiment described previously, except that the reservoir In the disposable portion is not required 

5 to deliver the liquid medication under pressure. The disposable portion of the device comprises the housing, a reservoir 
in the housing for containing a supply of the liquid medication, a delivery cannula carried by the housing, and a flow 
channel for conducting the liquid medication from the reservoir to the delivery cannula. As In the previously-described 
embodiment, a reusable portion of the device is removably connected to the disposable portion, and includes a closed 
loop control circuit for maintaining a predetermined flow of liquid medication through the flow channel of the disposable 

jo portion. In this embodiment, however, the infusion device further includes a pump in at least one of the disposable and 
reusable portions for pumping the liquid medication through the flow channel from the reservoir to the delivery cannula, 
the pump being electrically connectable to the closed loop control circuit; and a flow sensor in at least one of the 
disposable and reusable portions for sensing the flow of liquid medication through the flow channel, the flow sensor 
being electrically connectable to the closed loop control circuit. 

15 [0017] In a particularly preferred implementation of an infusion device in accordance with the second embodiment 
of the Invention, the pump is contained in the disposable portion and comprises a diaphragm pump that is driven by 
an actuator in at least one of the disposable and reusable portions. The actuator preferably comprises a piezoelectric 
element, which may be of the conventional disk type or of the cantilevered type. The diaphragm pump preferably 
comprises one or more check valves for restricting the flow of liquid medication to a single direction. As in the previously- 

20 described embodiment, the flow sensor preferably comprises a thermal emitter and a thermal detector, both of which 
are in thermal contact with the liquid medication flowing in the flow channel, with the thermal emitter being located 
upstream of the thermal detector relative to the direction of liquid flow in the flow channel. Preferably, at least one wall 
of the flow channel comprises a flexible membrane which forms an exposed face of the disposable portion that is 
brought into contact with the reusable portion when the disposable and reusable portions arc connected together. In 

25 this embodiment, the flow sensor may be contained in the reusable portion and may operate through the flexible mem- 
brane of the disposable portion, so that the flow channel can remain sealed when the reusable portion is disconnected 
from the disposable portion, 

[0018] In accordance with a further aspect of the present invention, a system for delivering a liquid medication by 
continuous infusion into or through the skin of a patient may comprise three separate components. The first component 

so is a disposable portion comprising a housing, a reservoir in the housing for containing a supply of the liquid medication, 
a delivery cannula carried by the housing, and a flow channel for conducting the liquid medication from the reservoir 
to the delivery cannula. The second component is a reusable portion that is removably connectable to the disposable 
portion. The reusable portion contains electrical flow control circuitry for controlling the flow of liquid medication in the 
flow channel of the disposable portion in response to wireless control signals. The reusable and disposable portions, 

35 when connected to each other, constitute a wearable, self-contained infusion device. The third component is a wireless 
unit that is separate from the usable and disposable portions. The wireless unit transmits wireless control signals to 
the reusable portion to control the flow of liquid medication in the flow channel of the disposable portion. 
[0019] In particularly preferred embodiments of a liquid medication delivery system in accordance with this aspect 
of the present invention, the wireless unit transmits either radio frequency or optical (e.g., infrared) signals to the 

40 reusable portion. The wireless unit preferably includes a keypad and a display device, and may also receive and display 
status information that is transmitted by the reusable portion. Examples of status information may include a flow rate 
of the liquid medication, an amount of time remaining until the reservoir in the disposable portion becomes empty, a 
quantity of liquid medication remaining in the reservoir of the disposable portion, a warning to the user that the flow 
rate of liquid medication in the disposable portion Is incorrect, and an indication of a battery condition in the reusable 

45 portion. 

Brief Description of the Drawings: 

[0020] The various objects, advantages and novel features of the present invention will be more readily understood 
so from the following detailed description when read In conjunction with the appended drawings, In which: 

Fig. 1 is a perspective view of a fully assembled drug infusion device constructed in accordance with a first em- 
bodiment of the present invention; 

Fig. 2 is a partially exploded perspective view of the drug infusion device shown in Fig. 1 , with the reusable portion 
55 of the device shown removed from the disposable portion of the device; 

Fig. 3 is an enlarged, exploded perspective view illustrating the internal components of the reusable portion of the 
drug infusion device shown In Figs. 1 and 2; 

Fig. 4 Is an exploded view of the disposable portion of the drug Infusion device shown in Figs. 1 and 2; 
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Fig. 5 is an enlarged cross-sectional view of the assembled drug Infusion device shown in Fig. 1 , taken along the 
line 5-5 in Fig. 1; 

Fig. 6 is a magnified cross-sectional view of a portion of the circled area in Fig. 5, showing the fluid flow path as 
it appears when the piezoelectric element is de-energized; 

Fig. 7 is a magnified cross-sectional view similar to that of Fig. 6, showing the fluid flow path as it appears when 
the piezoelectric element is energized; 

Figs. 8 and 9 are cross-sectional views similar to that of Fig. 5, illustrating the operation of a fail-safe system which 
prevents the flow of liquid through the disposable portion of the drug infusion device when the reusable portion is 
not in place; 

Fig. 1 0 is a block diagram illustrating the principal electrical components housed in the reusable portion of the drug 
infusion device of Figs. 1-9; 

Figs. 11A-11 E are flow charts illustrating the sequence of operations carried out by the microcontroller in the block 
diagram of Fig. 10; 

Fig. 1 2 is an exploded perspective view similar to that of Fig. 4, illustrating the disposable portion of a drug infusion 
device constructed in accordance with a second embodiment of the present invention; 
Fig. 1 3 is an enlarged, exploded perspective view in which certain of the components shown in Fig. 1 2 are viewed 
from the bottom; 

Fig. 14 is a magnified view of the circled area shown in Fig. 13; 

Fig. 15 is a magnified cross-sectional view of the piezoelectric pump used in the disposable portion of the embod- 
iment shown in Figs. 12-14, as it appears during the fluid intake stroke; 

Fig. 16 is a magnified cross-sectional view similar to that of Fig. 15, showing the fluid exhaust stroke of the piezo- 
electric pump; 

Fig. 1 7 is a cross-sectional view through the top cover of the disposable portion of a drug infusion device in a 
modification of the embodiment shown in Figs. 12-16; 

Fig. 18 is an exploded perspective view similar to that of Fig, 12, illustrating certain components of a drug infusion 
device constructed in accordance with a third embodiment of the present invention; 

Figs. 1 9 and 20 are cross-sectional views taken longitudinally through the outlet end of the liquid flow channel and 
through the delivery cannula in the embodiment of Fig. 18; 

Fig. 21 illustrates a wireless external programming unit that may be used to program the drug infusion device of 
the present invention; and 

Fig. 22 is a block diagram illustrating the principal electrical components of the wireless external programming unit 
of Fig. 21. 

[0021J Throughout the drawings, like reference numerals will be understood to refer to like parts and components. 
Detailed Description of the Preferred Embodiments: 

[0022] A first embodiment of a drug infusion device 30 constructed in accordance with the present invention is illus- 
trated in Figs. 1 and 2. The device 30 may be used for the delivery of a liquid medication, preferably but not necessarily 
insulin, by continuous infusion into or through the skin of a patient. The device 30 is intended to be worn on the surface 
of the skin by the user, with a cannula (hollow needle) penetrating into the user's skin or transcutaneous^ through the 
skin into the subcutaneous tissue. Its design is preferably such that the flow rate profile of the liquid medication is fully 
programmable and can be altered throughout the course of a day by the wearer. Although the present invention is not 
limited to specific dimensions, the device 30 preferably has an overall size (excluding the delivery cannula and the 
cannula shield 100) of about 65 millimeters in length, 50 millimeters in width, and 12 millimeters in height. The delivery 
cannula may be rigid or flexible and may have any desired length, but a typical length is between 5 millimeters and 12 
millimeters. The cannula shield 100 may be about 15 millimeters in height, making the total height of the device 30 
about 27 millimeters. In lieu of a single delivery cannula, a plurality of microneedles may be used to deliver the liquid 
medication to the skin of the user. Since a typical microneedle length is only 0.5 millimeter, a device 30 constructed 
using microneedles may have a height dimension not much greater than 12 millimeters. The term "delivery cannula" 
as used herein will be understood to include not only a hollow needle of the type shown in the drawings, but also one 
or more microneedles or other structures that deliver liquid medications into or through the skin, whether by skin pen- 
etration or otherwise. 

[0023] The device 30 includes a disposable portion 32 which contains the medicament reservoir, delivery cannula, 
skin adhesive and complete liquid flow path, as well as a removable reusable portion 34 containing a battery, logic 
controllerchlp, piezoelectric valve actuator, and flow sensor. The reusable portion 34 snaps into place on the disposable 
portion 32, as shown in Figs. 1 and 2, without the need for special alignment or interconnections for fluid flow paths. 
With this configuration, the user can dispose of the disposable portion every one to three days, whenever its internal 
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reusable porton *»"*"«^~ 34 does not becoma contaminated with the medicament such that ,ts 
easy to perform, and hat fte ™"**J£<^ * ^ ^ ^ ^ (qu|d medl . 

S he'deliveVra.e of the liquid medicament. The duty cycle of the P'~'^™ nl ^ ,s ' the ra "° °' ltS 

rale is oans proouc _ » a signature". Two stations along the flow path are separated from one 

sensing * ^, 0 ^ '°' e SnicalLontrolled heating element is located at the upstream station, and 
I^^l^E^tSSL. station. To measure the „ow rate o, the ilauid medicament, the 
to o™ TZl occur the piezoelectric element opens to Its full -on" state to allow the liquid medicament toHow at 
EZ^TSlinid by the current pressure in the reservoir; (2) the heating element ,a then energized momem 
aril^c *S 1 a .pulse of heat through the membrane and into the liquid flow path, and a timer is started; and (3) when 
he e emem of I Z 1 which the heat was injected reaches the downstream thermal sensor, the timer . stopped and 
h rp e™e lc rfc ement is closed. Since the distance between the heating and sens,ng stahons . nown, and s,nce 
be a" na, area of the liquid flow path is also .nown, a volumetric flow rate can be equ ated ba ed 
Umer value in step (3). In the preferred embodiment, the liquid medicament reserve. is pressurized by tw , Bdlevte 
Innnns which arc desianed to provide a very nearly constant pressure over the entire range from full to empty As a 
spnngs which arc des gned to prov w y y o<xurs wh>n (|w pie2oelectrK - 

Z^ m2£m* range to occasionally calibrate the controller to the actual pressure In the reservoir at the time 

^"'Another feature of the devtae 30 shown in Figs. 1 and 2, to be described in more detail hereinafter, is the -fail 
[ T- JTJ n whirh the flow of liquid medicament is started when the reusable portion 34 Is snapped onto the 

So foment Thisa lows the pressurized reservoir to be hermetally sealed from environmental exposure or 
^^TrV^pSon £ is snapped into place, a resiliently-mounted profusion on the top cover of the 
SS^rtta 5Tk* carries a small "start- cannula, is deflected dewnwardly until the start cannula punctures 
fn^ufman^ a th edqe of the reservoir, which contains an elastomertc sealing material. When this occurs the start 

fnfus on dLlce 30 a d the elas.omeric member maintains the star, cannula seated and free of leaksjhe mechan.cal 
to rot the intemennection also ensures that the piezoelectric element is In place and ^ "«*^™** 
reSowchannel before the start cannula initiates me fiov.fromtheresenmr. In.^larfartton rtthereus^lei^ 
M is rloved during operation the device 30, the start cannula withdraws from the reseivoir and stops the flow before 

' ^RefeX firet toVig. ». the reusable portion 34 o, the device 30 is shown in an exploded view. A disk-type 
3 11. Referring J™"° 8 • 38 d lherma | detector 40, are mounted on the bottom of a 
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fallows the piezoelect* element 36.0 sea ^»^2^S^Slr^ft.d^i»«il.. 
element 36 Is energized to allow the liquid me.tca.ton m ^^^^^ meImal eminer 38 and thermal 

assembled components, so that be ™" ^ 30 lnclude . Mi „. W e battery 56 and a logic 

10029] Additions components In the imtt porbon ,„ resp0 ^ t0 inputs recehredfrom 

con.ro«erchto58. Thetogtocon.ro erd I" mis way, the logic controller chip 58 
the flow sensor compnsing the hermall ™™ h cnaIme , 5 5 of the disposable portion 32. Asecond 
regulates thellow rate of the liquid medication througn ineiiow, a )r „ uency (BF) or infrared (IR) communi- 

function of the logic controller chip 58 is to prov.de wrreless ^vay rad, ' J be desoribed 

cation with an externa, programming ^ P ; ^ : ^ ^L, Po'ard 42 includes suitable 

^StnTeS 

'«0 to provided on each side of the bottom cover £ ^^P^^^ are a 52 of the disposable 
Fig. 3. The tabs 60 serve to ^ Figs and 4° located on either side of the flow path area 

thereby securing the reusable portion 3<<°*^ 

[00311 Fig. 4 is an exploded view of the disposable pomon « heat . sca ied together around their 

reservoir lor the liquid medication ,s formed by ^^ b ™^ " "^^ee 72 is dropped Into a thermoformed 
edges. Beforethe membranes 68 and 70 are s ato d g ! location for starting the flow of 

pocxe, 74 in the lower membrane 70 ™"^ m ^^^^^ adder , 0 ™d by ,he two membranes 68 and 70 is 
liquid medication, as will be descnbed hereinafter. The sealed am 10 y neanott , erbysnaps B0 located 
trapped between two Identical Belleville spring disks 76 ^^^^S^^m^n^'-^ 

Connelly, which are expressly Incorporated hereir , by "fa™*. cannu|a 82 „ hubbed 

, (0032, The flow *«• SX^- SX-i. P«*" 32, just below an inle, 84 

into a protrusion on the inside (lower) surtace oune iop afea 

52. The liquid medica. ion the n *m* rough the ' °» ^ widlh q( ^ „ „, |nch and a helght ol aboul 

90. The (low channel 55 '^^'^^55 serves as a flow resistor to Mt the maximum flow rate of the 
0 0.01 inch. A serpentine region 86 ot the now cnannei 30 sc.v« ... „.„,„ D .„ trir „,„,..,, 36 a riqid (e.g., stainless 
| iq uidmedl M .ionth ro u g htheflowchannel55dunngt e-on-t,meso ^'P^^^ ! ^ , » I( t or S 1 , reughlll> 

. portloa 32 0. the drug Infusion devce ^ ^^ZTj^e^m^ 92 passes through a hole 98 in the 
use of the device 30. . , iuorv rannu | a 92 can be replaced by an extendible 

6,074.369. Pdor to use of the device 30, the de lve^ 
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™nnerin which the flow o, liquid medical 

* 36. In particular, Fig. e Illustrates the fluid n^2 *ZZl£lT7 " M '°"° d &y ,he P^oeleceric element 
while Fig. r^mes^mo^J^^^^Zt^ "T 36 in " S conditien. 
to occur. Referring first to Fig. e, the »»«sStltT^^ Btoh ^ 0 'W™^ 
Thereisadiscontinuityordan, ,06jus ^nZ^JTZ TJ^ " P °' nl '° 2 a " d exi,s 81 P° ia < 1 °< 
by the thin membrane 50. All „, ,h components =^0^0 ^ ' ^ T ^ Tke *"«*«nn.l 55 is capped 

• described previously. As illustrated. ^^Z Z ^Zn^tl^ Z " *• reUSab ' e ""^ 34 
Ihe membrane 50 everywhere except under l^ieZ^Tl^Z T' , " '""^ " Mion 34 and 
tector 40. The gap 1 08 allows the pLoelectric element^ 7 , en " tter 38 and tbe tnema l *>- 
into inornate contact with the top .SIS 5oT oZ" 40 t0 be '° rcad 
piezoelectric element 36 forced into contact aboveTZZ, ^ P f M °' lhe dam ,0S and »• "M"«rgi«d 

' and ,04 in Fig. 6. In Fig. 7, iZ^^ Z?^ « 
from !he logic controller chip 58 of Fig 3 inits Seized oond«o„h "T"" 6 ' eSponse <° a m «W °"<P"< 
as shown in Fig. 7. Since the fluid reserve rs l"eSu^llTZT ^ e ^ n ' 36 " eXeS UpWard sllab * 
medteation in the flow channe, 55 on the right SHSTdKEJE ^ fcZSJl"'' ^ "I" 3 ' '"* 
the piezoelectric element 36 flexes upwardly as shown in Fir, 7 "„ ! und6r P re!isura - As a result, when 
pressure and separates from the dam ,06. Th^ predu" .^^ST" 1° ** ! " d Upm ">* b * ,ha « aid 
106, to the exit point ,04. From the exit point W^^ J^^^T 2"? T ^ ^ ^ ' he dam 
Into IhesKin of the user. As can be appreLed mm fioa 6^^!^ """ the de ' iVe ' y cannula 92 aad 

r;irr bina!i °"— 

actual flow rate of the liquid medication through .he cha ne?55 betensed wh^rf " , , ™ S reqUires tha < *• 
element 36 and dam , 06 is open (as shown in Fia 71 This to » 8 h !l ^ ' 0rn,ed by the P^^lectric 

thermal emirter 38 and thermal detector™ When the 0^ ,1, ? " "° W sens ° r f °™ d "V the 

shown in Fig. 7. the flow of liquid medication stoSfnd ES^ZTT ° Pen ,na valve < as 

the thermal emitter 38 is momentarily ^ZZ^Z^ TZ^^ * ^ A ' ,te 

thus produces a small amount of heat which pSs^ucfh thl ml" * ™ * C ° mr °" er Chip 58 <" Fi 9- 3 ' <™> 
in the channe, 55. Once the pulse 0, hea, is T^TtX LSeZ.%Z Z mediCa,i °" ,towiaa 

control of the logic controller chip 58) begins to lock for an abmoZ ZTL ' ?k hema ' db,ector 40 < under tba 
50 adjacent ,0 the flowing liquid. The lime te g Ci^tSi? °' mOTbra " e 

by the thermal detector 40 Is measured by the logic control ™ a ' 38 and its d6,eai °n 

mediation In ,hechanne,55. An ^SiS^^ co a ^"J^^ - ^^^**•^ 
w,th the flow rate of the liquid medication in the channel 55 t?» m ' ateS lh0 measured tlme ^ 

termined target value and the difference 0^) fe used to a2lZ Z 7 T * C ° mpared with tha P™* 
manner, »,e thermal emitter 38 and JLE£Z£££% onlv ™iT 1 ? plezoelecl * ala ™"< 36. In this 
but can also p ra „de real-time calibration forthed^tee3oro2 

environmental conditions The flow control « ™ * „u ? JUSt "" manu 'aauring tolerances and chanoino 
•low rate value ..^^ ^ 

calculated duty cycle to obtain a pJSZSS^TjS^? " mamer ,n accbrdanca •» *• 

maxtam „ew rate dictated by the reser^oTprl^ and , he ow e flTt and ,na 

flow rate may be a fixed flow rate the. .s prog rarZq Zc lit Z ^co "1,1 ST*' ^ V'" 1 *™™* 
selected variable flow rate that Is entered bv La^lrZJT , contro " er chl P 5 8 dunng manufacture, a user- 
maticalty over rtte course of a d^£S^^£ZS£ ^r 09 ^ 68 "° W - Variaa adld " 
infinite gradation of flow rates is possible. Piezoelectric element 36 can be varied as desired, an 



_ -. . j, w g 0 ||j| 0i , — > r 

[0037] Fi 9 s - 8and 9i»ustratethefunctioningofalail-safesvstemwhirhn m „. , ... „ 
the channel 55 when the reusable portion J hs ^^™1„ P m ^^°'^ uWmedlca,,,,n,,,rou 9l> 
the reuse b ,epo rt ion34 is shown in the posiUon o SS^" P0 -" 32 °' *"*• 3 °- Fi 9 * 

portion 32. A tab 1,0 seoures the left-hand JlT^e^ZZnl^^ , t""" im ° Pla<>e on a ° dis P° sabla 
54 of the disposable portion 32. As the reusabte port on 34 Is rota Z down , f" " 2 '° med °" tne ,op 
bottom of the bottom cover 46 of the reusable*™ na lit . ... .. ""° place ' the locali "9 la "s 60 on the 

portion 32. This serves to align ^S^^jXT " * 62 °" '° P °° Ver 54 °' the dla P<* a "l 
path area 52. Just after the ptJ^X^^^T T» ? 8 """ """ m " de,ector 40 wl,b * a «» 
,rcedco„,ac,.d 1 themembrane50,aprb:Srr^^ 
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out section 1 16 of the top cover 54 (visible in Fig. 4) is defined around the channel inlet 84, allowing this section ot the 
flow path area 52 to deflect downwardly to provide a cantilever spring effect. Once the protuberance 1 14 makes contact 
with the cantilevered section of the flow path area 52, further downward movement of the reusable portion 34 is resisted 
by a slight spring force resulting from the downward deflection of the cantilevered section of the flow path area 52. 

5 This spring pressure serves the function of providing tactile feedback to the user of impending closure of the snap tabs 
66 (Fig. 2), and also helps to push the reusable portion 34 upwardly and to separate it from the top cover 54 of the 
disposable portion 32 when the user desires to separate the disposable and reusable portions 32 and 34. The final 
actions which take place upon pushing the reusable controller into place are the engagement of the tabs 64 (visible in 
Figs. 2 and 3) on the sides of the top cover 48 of the reusable portion 34 with the corresponding tabs 66 formed on 

w the top cover 54 of the disposable portion 32, thereby securing the reusable portion 34 in place on the disposable 
portion 32, and the simultaneous deflection of the cantilevered section of the flow path area 52 in a downward direction. 
This latter deflection causes the start cannula 82 to puncture the top membrane 68 of the liquid reservoir and the self- 
sealing septum 72, as shown in Fig. 9. Only when the start cannula 82 punctures the membrane 68 and septum 72 
can the liquid medication enter the flow channel 55. Since the piezoelectric element 36 is already firmly in place against 

is the membrane 50 at this point, thus blocking the channel 55 at the location of the dam 1 06, the liquid medication cannot 
reach the delivery cannula 92. Thus, the flow of liquid medication is under control at all times. 
[00381 To facilitate the user's removal of the reusable portion 34 from the disposable portion 32, the snap tabs 66 
are carried by removable release buttons 1 1 8 as shown in Figs. 2 and 4. By pressing the release buttons 1 1 8, the tabs 
66 can be disengaged from the corresponding tabs 64 on the sides of the reusable portion 34, thereby allowing the 

20 reusable portion 34 to be pivoted upward and removed from the disposable portion 32. When this occurs, the canti- 
levered section of the flow path area 52 springs upward to the position shown in Fig. 8, thereby assisting in the removal 
of the removable portion 38. At the same time, the upward movement of the cantilevered portion of the flow path area 
52 causes the start cannula 82 to withdraw from the septum 72, causing the flow of liquid medication from the reservoir 
to cease. This occurs just before the piezoelectric element 36, thermal emitter 38 and thermal detector 40 lose control 

25 effectiveness. Thus, by the time these components become ineffective, further flow of the liquid medication through 
the channel 55 is no longer possible. 

[00391 Fig. 1 0 is a block diagram which illustrates the principal electrical components of the reusable portion 34 of 
the drug infusion device 30. Included in Fig. 10 are the piezoelectric element 36 and logic controller 58 of Fig. 3, a 
portion of the flow channel 55 of Fig. 4, and a wireless handheld programmer 270 for the logic controller 58. Associated 

so with the flow channel 55 arc the thermal emitter 38 and thermal detector 40, the thermal detector 40 being located 
downstream of the thermal emitter 38 relative to the direction of fluid flow. The flow channel 55 and its associated 
components are shown schematically in Fig. 10, but it will be understood that the thermal emitter 38 and thermal 
detector 40 are not, in the preferred embodiment of the invention, physically present within the channel 55 but instead 
are separated from the channel 55 by the membrane 50 of Fig. 4. The thermal emitter 38, which is preferably a common 

35 surface mount resistor, is controllably driven by a pulse train generation circuit 128 which is in turn controlled by a 
microcontroller 132. The pulse train generation circuit 128 is configured to produce one or as many as four square 
wave voltage pulses of 1-2 seconds duration at a 50% duty cycle. It requires only a single output trigger from the 
microcontroller 132 to begin. The thermal detector 40, which is preferably a small thermistor element, is controllably 
driven by a current source 1 22 such that It produces a voltage that is directly proportional to its resistance, and inversely 

40 proportional to its temperature. This voltage is coupled to the input of a bandpass filter/amplifier 1 30. The output of the 
bandpass filter/amplifier 130 is coupled to the input of a differentiator amplifier 131, whose output is coupled directry 
to an input of the microcontroller 132. Any changes in the temperature of the liquid flowing in the flow channel 55 effect 
a change in the resistance of the thermistor 40 and hence a change in the voltage at the input of the bandpass filter/ 
amplifier 130. The bandpass filter/amplifier 1 30 acts to filter out any frequencies above that produced by the pulse train 

45 generator 128, and to amplify the resulting signal for the next stage. The differentiator 131 will produce a quick spike 
signal at the input of the microcontroller 132 when its input receives a voltage change at a frequency that would pass 
through the bandpass filter/amplifier 130. The overall effect of this circuit Is to apply a sharp rising edge signal to the 
microcontroller 132 whenever the thermal detector 40 senses the flow channel heat signal from the thermal emitter 
38. Based on the measured time delay between energization of the thermal emitter 38 and detection of a signal from 

so the thermal detector 40, the microcontroller 1 32 determines the instantaneous volumetric flow rate of the liquid medi- 
cation in the flow channel 55. The measured flow rate is compared with the desired value and used by the microcontroller 
132 to energize the piezoelectric element 36 with a variable duty cycle by means of a pulse train generator 126 and a 
DC-to-DC converter 124. The DC-to-DC converter increases the voltage amplitude at the output of the pulse train 
generator 126 to a level that is adequate to drive the piezoelectric element 36. 

55 [0040] Determination of the flow rate of the liquid medication in the flow channel 55 of Fig. 1 0 is carried out with the 
use of a stored lookup table. A measured time delay value representing the interval between energization of the thermal 
emitter 38 and detection of an elevated fluid temperature at the thermal detector 40 is converted to a memory address 
and applied as an input to a memory device (not shown) within the control microcontroller 132 of Fig. 10. The output 
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delivery command from the wireless programmer 270 is received rh» . ,. 

troller 1 32 to interrupt basal mode delivery In Jock 1 48 L ml™ f '° 9te i COntro,,er 1 58 ™* causes the microcon- 
e,ectricelement3S to 10 0% "on- ^0%^ ^^53^^^ *? ** *** * ^ ^ 
flow rate in the flow channel 55 is measured after nnp m n ^ T continually open. In block 150, the resulting 

average (low rate and the elapsed time. In block 154 a determ?n«Z ™ n,cb has b9e " del,veretf *° 'ar based on the 
been delivered. If it has not, me microoomrolier*. rns to S 9 " '° Whe,her the ,u " bollJS *»• 
Onoe it is determined in block , 54 that the MblsTs reoue Z*^!?^'*^***'™"- 

or during me bolus delivery mode of Hg",B ^S^X^Tf*"' ™ d9 °< Fi 9' "A 

train generator ,28 o, Hg. 10. This causes heat to^e k * ** ' PUlS9 train b * ,ha **• 

^'^aflowtimerisstaaedinthemioreoonto^ 
" causes the microcontroller 1 32 to slop the flow timer In b took Sfi h . ? T L 6 dMe ' sm *°< 131 or Hg. ,o 
obtain a corresponding flow rate value ^1^1^ , he m om * r^* "° W * r9ad and is used *> 
the microcontroller ,32 determines ^^Z Z^^Z J^ T miC " Kmt '*' ^ '"-°!ock 1M. 
it is. the microcontroller ,32 simply returns in b<^U0 oTiZlaXn , T '""^ '" e ""»< u f> "*>'<>• " 
Fig. „ A or the bolus delivery mode of Fig 11B) atone wit fllw 1 „ T " " ' '° ' he baSal d8liver V ™ d * °' 

» rate is outside the range of values contained i ZtZZZTZ * ** r ° U ' in9 H ° wew > " lb <= *» 

rupted routine with an indication o, an overfl™llw e ^ tIZZTT 1 72 '° « n9 *" 9 '- 

ogenerate an a te ,m to the user via the wireless p n JZ^¥^ 0 '^^* mme ™*ia 

» program. In block , 74, the receipt of an RF sfgnaHmm the wXT 3 °' '° Upda!e a P^"alyentered 

troller 132tooal, the subroutine, n block 176 ?he new d^ SZXZZP™?? 0 '' ** 1 ° MlJSeS tbe micraM "- 
and entered into the memory of the J^2Ztt Z' l^ ^Z^lT^T'^ 

Jan f- s i ™ de routine - fis - — - n: 

causes the microcontroller ,32 to call the sub™ ine This Cl 1 ,Z2 " ^^'^ <"°W™'™ 
periodically and automatically by the •W«p R) ,^" i ^^^^ V* W W ^ ta p ^ 
controller ,32 causes the logic controller 68 to upLd aatus ln,ol« 1^7 h V *° " Mr block 1 82 ' the "*»- 
' programmer 270. Once this process is complete the "^iens (alarms) to the wireless 
routine that was Interrupted when the subrouhne „, F !g "fwas caL * 184 a "° r9tU ™ tb lha 

portion 32 (e.g.. by bonding the element 36 to the top suSactoUhe mlbr^ nmT T 3 ° *° ' h9 dlSp ° sable 
thermal sensor 40 may be formed as films or layers (e TZ TscrZTZ ^ ^- **, ^ ^ 38 and 
For example, by forming the thermal emitter 38 and thermal se ra T« „?.h T ' " y ° n ' h9 membrane 50 - 
may beplaced in direct contactwith the "quid medicationT. e , 0 Tc^ 

As a further modification, additional thermal detectors 40 elthe uos r.l „ ^ ° Perate ™ re efficie "'V 
may be added to improve the quality of the signal by JwZZ T„? , ao " nS " eam 01 the ,hen ™' emitter 38. 
[00521 Figs. 12-17 illustrate the disposable oortton o^T 9 , 9 ! amb ' 9n ' ,em P era '"'« conditions, 
second embodiment o, the p™JZ2.^S^TSZ romT, 0 TT" Wilh 8 
11A-11Einthemannerby which motlveforce is applied^ 

a reservoir w«h extemalfy applied sphng forcerJSd to owl^T? Z T™*' ^ ^ emb °«< mnt , 
then passes through a piezoelactrto valve ^^ZTunZZ, ' ""^f"""'- ^ PreSSUri2ed 
rate. In the embodiment of Figs. 12-17 by contrast ^111^ C °'" rol '° prod,,ce a oomrolled 1™ 

liquid medication is provided by a micro7u™ S iZ« !! "' 0lr B " 0 ' ^"'^ The mMVe ">™ the 
and a piezoelectrfc element driven SJ^S^Sr^TnT 0 ^ «** P3 " S ' ^ mombra "-. 
Figs. 12-17 bu, external* similar to L reusab e poTon^ of F^ Z^Z' ' r8U5at " 9 P0,,i0n sbdw " 
■s provided as a separate unit which snaps into pLe ^ on a , df. D «.h \ n L 9 11,9 """'^ ete «™"te components 
avoids the need fer scaling the liquid t^m^Z^^,^^^ " qUid mediCati0n - 
«tlon.Theonlymaterialsoontactlng.hen, ul dmedloeZa e 
ofFlgs.12.i7 l sa, S esimilar,o.heprevJsemb«^e„ t ^^^^ 
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,8 nd19 to be described hereinafter) Is no. described in 
lm eo. o. Figs. 12-17 (sod •"^^'jS.tiSi Figs. 10 and 11 A-11E. embotf , ment ol 

detail herein, but will be >"f"^"JJ£i <g infusion device 200 in accordance w th *e sec» ^ 
[00531 Fi9- 12 * » S^JiScnoo which are similar or identical to those t0 lhe 

me present invention. Paris of the ^device pnmes added) Severan lr 

podimen. are iabeled with «n«P^ngrt«^ ^ ^ 

second embodirnentmaybe^se^n^ ?ff and does m^^'^'^ mm reason, 

assembly wbich consists spring dis *s 76 and 7 are % o( me device 20 o. 

[00541 As in the ^•T^TX septum 72' between them. A ^'^ZZ^^ 55' in the top 

« and 70'. which are s M 9 he wrih ^ ^ ^ ^ t n a tt. ^ 

in me top cover 54. and P ,e^ 

surface otthe top cove 4jheta ^ ^ ^^.^ embod.me . Atthe end PP^ ^ ^ ^ ^ 

past me flow sensor c. *e reu^ab ^ ^ _ ^ ^ ^ ^ h ough *. «P ^ (hrough 

B?, the flow channel 55 commun ^ ^ membrane 202 The iqu e o( ^ 

, aligned with a somewh a. larg r 208 ^ ^ ^ ^ 212 that penned » n P^^ ^ 

?5 and outlet channels 212 and f frQm a 

condition of the device 200 membrane 202 and ,ower valve oody 204 as t y pp ^ 

holes 222 and 223 are formed m the ^ ^ 

respectively. yes 21 8 and 2 20 during the PW**** ™°* [ec M C element 36' is, in this 

[0056] The operation it should be pointed out that thep«»^« reusab|e 

Figs. 15 and 16. To understand these v ^ q( the 200 ather than a ^ t 

35 embodiment, prelerabl^ 

portion. With this «£^>£^ B /o-, which in turn allows the p.ezoelec c element 36 t ^ ^ ^ 

36' to the upper surface of » a „ ows tne check valves 21 H be ovided in the 

50' in either an upward or f^^^ be low. Aligned element 
illustrated in Figs. 15 and 16 [ ~ 

45 [0057] Against this background, ne P h element 3ff „ ener g, Z ed and ^°^ h . U ^ s ^ r ; ns P mitt e d to the check 

» :rm s ;rr:r^ 

» stroke ends and the «™aust siro* » ||at 6tat9i the reby creating an elevate v laS er.drille<J 
and me piezoelec.no element 36 colfcc-s m-sd u tne check v*"^^ 2 ^ , h a verve sea. 
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W»tt.~W*^2w.,££.^^ *• «* P^h through the va*e 

and a new intake stroke may begin. During each Mata ,11 Z?*, . , "" s po ""' the e * haust «™ka it complete 

perimeter 236 against the inside of me top cover 54" Z rltZlT^T'T ^ b Sealed a ™" d 
liquid How path begins at a through-hole 238 and communfc^ ^ .h ? roU9h a ****l"i9 fm port 237 The 

(not ahown i„ Rg. 1 7 due to the scale of the drawing but loomed berl« ,! PUn,P thr ° USh ,he valve ma "*» a "<> 
204-) and the lower valve body 204- aa described X^ ri «1 '° P CWer 54 " and tne '° we ' ^ body 
» « b K 2 ' $ " re06iV6S thS " dw * «° uid "SS d ol r m h^r""' 3 92 '°' Rg ' 12 ' S »2 
,2 - ,6 .' ha P'«oelactricalemen 1 36-maybepermanemiva7»dB^ ,he emb ° dl ™™ of Figs. 

» a P a "<><* a *POSableportionof,„ein^ 

he disposable and reusable portions of the infusto de*a a a ^ coZdlo^'li 0 ' h9 membrana 50 " ""'^^ 
eusable ponlen as in the embodiment l»us,ra,ed in Figs to a „d , A » E)' ' 3 part " ,ha 

„ fp^-^^^^ 

discont,nu,ty 1 06 as shown in Figs. 6 and 7 In the emMiZTJc T 5 m the mem °™e SO and channel 
a " d '^-<ypeplezoele^ 
» piezoelectric actuator 252 Is clamped at one end 254 t h 6 und^Z ,t 820electnc «2 The cantilevered 

and is left free at its opposite end 256. The res* \ Tc2° h , '"^ ^ * the reusabla *»*». 

•orce a, ,.s free end 256 than is possible with a ^Z^ZaZtll^T' aM 9raatar 

pressures. During operation of the device 250. thefree end 256 Z Z Z ?T a " owind ,or h ^°' "Pelting 

■cation into the delivery cannula 92- As m££tt£fi^^™<>««<* <* a <>™ * "quid mad- 

204 (which In this embodiment has no valve function „nr l If , . upwardly through the valve body 

» top cover 54". and temunates a. a level starve the ,1 * " f V SUPP ° rt *» ,he ca *™' a > and tne 

made of latex rubber orthelikejsstretehedter^p^ 

to the top surface of the membrane 50-. Th ^Z^.?,! f " Ve ? Cann,Jla92 " andfe '»ondedatitsperiphen; 
50- aea.es a hermetic seal for the liquid ^ SU " 0Un ^ m ~ 

actuator 252 i„ presslng lhe ^ P * ™^ b, n ?X a Z pia " a '«<* 
92 produce a valve function, in the condition shown in FiuTg I 1 "h , h r 6 ' 0p tha «™«' a 
is not energized, the valve Is closed. When the canZ,v»,»H '„ f ' , ' he can,,leva ' a <l Piezoelectric actuator 252 

disk 260 to expand upwardly and separate from the top ope„ino if thl 1, preSsun2ed res <™*) causes the latex 
opened, and the liquid medication flows from the channel ssZ!! , , ^ ^""^ 92 "' 1,19 valva ia ^oraby 
Ptgs. 1-IOaud.lA-HE, the duty cycle ^ewT^tt^l™"*? ^ ^ As in ,ha a "">odiman. o 
median through the flow channel 55" and deliveTcl^ 9 2 - aCtUator252 *' a tes the flow rate of tha liquid 

LJn,,,^^ 

a consto, voltage o, suitable plurality may be ^TxXLTtTl l^ drM "» 
«250 during periods when it is desired to mainLle v^^ , ,1 1 S TJ ? !? ac,uaI0 ' 252 a 9ainsttha latex 
to open the valve. ,n8 valve ln a cl "«o Position. The voltage can then be reversed 
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m^r 97Q mav also be used 
.ma »E it will be understood that the progr^ 
no 21 is me devtee 30 ot Figs. 1-10 ^ » E ££ embod iment of Figs. *«**j£EE« (PDA). As 
he ohysical size of the programmer 270 te si a numeric keyboard 272 and y ^ program 

h P etse of those devices S 
Assuming that the dev.ce 30 » ^ needs . For example, as * the cas ^ mealtimes the 

Trv- — . ff^"' — Tlr 

of the device 30 . Glucose data may a» ^ grammer 270. or Key ^ de , ivery 

infusion device 30 , and *' s ° ^ possibility of erroneous ope -rattan ■ iuato ^ ^ programmer 27Q 80 

backtothe P rogrammer2^ 
3D communication link also allows the ar y 2?4 Such status int0 rma rtion 32 becomes 

empty, overflow or underflow alarms, nmnonen ts of the programmer 270 of Fg. 

he*g*cont ro »erS8o f ^^^ 

270 and intusion device 30 ea °P^ c ^ e le vels -nthin fixed llmita. , orms . Fictionally.* 

needed to maintain the users Wood glucose 270 can va ke a numbe < d and an integral 

« M671 Tne^raaonanddee ^^J^d^W-tm^^^^^.I^dJ-- 
may sen/e only as a P™?™"™^ 0 '™ ,„„«, iatter case, the P^f 1 ™/ *™*" e a decking station so that a 
Seed glucose meter as ^cussed above m ^ ^ be des.gned lor usew ^ tne same RF 

Lme convenience ot the user The^ 

can communicate with the user's ^ dmg , nfuslo n d avice30« ^ be reduced 

50 Scommunic^tion^ 

;r S ot:=^^^ 
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on. The programmer 270 can also Incorporate a time-of-day clock, calendar, scheduler and other functions normally 
associated with a personal digital assistant (PDA). 

r 0 069] in lieu of providing a dedicated programmer 270, the functions of the programmer 270 may be earned out by 
L coleS available PDA. Examples of suitable PDAs include the Palm Pilot™ PDA that * available from 3Com 
CoZ^on of Santa Clara, California, and the Visor- PDA that is available from Handspring of Mountain V,ew, Cal- 
tfomia Genera'purpose IR interfaces and related software programs are already available frc. these vendors as 
well as from attermarket sources) and can be used to establish two-way communication between the PDA and the 
Z, infusion device 30. Alternatively, if RF communication is desired, a dedicated RF module can ^designed that 
ca^ be plugged into an existing PDA. An advantage of using an off-the-shelf PDA as the programmer 270 ^ that ™ a " v 
different types of software modules and hardware accessories already exist for these types of devices. Although ,n- 
Zed for general use, these modules and accessories can be adapted to the requirements of *.^'n,ert'on 
From the user's standpoint, the use of a PDA is advantageous because it can serve not only as a programmer 270 for 
the drug infusion device 30, but also as a general-purpose digital assistant. 

00701 Although a wireless programmer 270 is preferred for use in the present invention, this is not essential. In 
ome situations"* may be preferable to employ a programmer 270 which is connected to the >^ «™°a 30 
by means of a hard-wired link, such as the docking port arrangement mentioned earlier. The hard-wired link may be 
temporary or permanent, and would have the advantage of virtually eliminating any possibility of Interference in the 
communication between the programmer 270 and the drug infusion devtee 30. It will also be appreciated that m some 
SpZerrtatior^ 

incorporated into the reusable portion 34 of the drug infusion device 30. 

[0071] Although the present invention has been described in reference to certain preferred embodiments hereof * 
will be understood that the invention is not limited to the details of these embodiments. Various sub M uto»a nd 
modifications have been described in the course of the foregoing description, and others are possible. For example 
an integral blood glucose meter may be incorporated into the disposable portion of the infusion device 30. Also, by 
reversing the direction of liquid flow w*hin the disposable portion 32, the device 30 may be used for sampling or 
m n tori g of blood analytes rather than for infusion of liquid medications. Other substit utions and mod hcations w., 
occur to those of ordinary skill in the art. All such substitutions and modifications are intended to fall within the scope 
of the invention as defined in the appended claims. 



1 . A wearable, self-contained device for delivering a liquid medication by continuous infusion Into a patient, compris- 
ing: 

a disposable portion comprising a housing, a reservoir in said housing for containing a supply of said liquid 
medication and for delivering said liquid medication under pressure, a delivery cannula carried by said housing, 
and a flow channel for conducting said liquid medication from said reservoir to said delivery cannula; 
a reusable portion removably connected to said disposable portion, said reusable portion comprising a closed 
loop control circuit for maintaining a predetermined flow of said liquid medication through said flow channel; 
a flow control valve in at least one of said disposable and reusable portions for controlling the flow of said 
liquid medication through said flow channel from said reservoir to said delivery cannula; 
an actuator in at least one of said disposable and reusable portions for actuating said flow control valve, said 
actuator being electrically connectable to said closed loop control circuit; and 

a flow sensor in at least one of said disposable and reusable portions for sensing the flow of said liquid med- 
ication through said flow channel, said flow sensor being electrically connectable to said closed loop control 

circuit. 

2. A device as claimed in claim 1 , wherein said reservoir comprises at least one Belleville spring element for pres- 
surizing the liquid medication contained in said reservoir. 

3 A device as claimed in claim 1 , wherein said flow control valve comprises a fixed obstruction in said flow channel 
and a flexible membrane that is held in contact with said obstruction by said actuator to prevent liquid flow through 
said flow channel except when said actuator is energized by said control circuit. 

4 A device as claimed in claim 3, wherein said actuator comprises a piezoelectric element which, when energized 
by said control circuit, flexes to allow said membrane to separate from said obstruction so that said liquid medication 
can flow through said flow channel. 
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JO 



«. o. sa« n,uid motion through said flow chanhe,. 
, ■ a i„ H.im 1 wherein said flow sensor comprises a thermal emitter and a thermal detector in 
SdTeZl detector relative » the direction o. liquid flow in said flow channel. 

7 . Adeviceasc l aimedi„c,a i m 1 ,where i na,,ea r 
-orms an exposed face ot said disposable ^ 

disposable and reusable portrons are ' mne ^^^Z^^t mm of said disposable portion so that 
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